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Objective: Studies have shown that remote ischemic conditioning (RIC) can
effectively attenuate ischemic-reperfusion injury in the heart and brain, but the
effect on ischemic-reperfusion injury in patients with kidney transplantation or
partial nephrectomy remains controversial. The main objective of this systematic
review and meta-analysis was to investigate whether RIC provides renal
protection after renal ischemia-reperfusion injury in patients undergoing kidney
transplantation or partial nephrectomy.

Methods: A computer-based search was conducted to retrieve relevant
publications from the PubMed database, Embase database, Cochrane Library
and Web of Science database. We then conducted a systematic review and
meta-analysis of randomized controlled trials that met our study inclusion criteria.
Results: Eleven eligible studies included a total of 1,145 patients with kidney
transplantation or partial nephrectomy for systematic review and meta-analysis,
among whom 576 patients were randomly assigned to the RIC group and the
remaining 569 to the control group. The 3-month estimated glomerular
filtration rate (eGFR) was improved in the RIC group, which was statistically
significant between the two groups on kidney transplantation [P <0.001; mean
difference (MD) = 2.74, confidence interval (Cl): 1.41 to 4.06; /°=14%], and the
1- and 2-day postoperative Scr levels in the RIC group decreased, which was
statistically significant between the two groups on kidney transplantation (1-day
postoperative: P<0.001; MD = 0.10, Cl: 0.05 to 0.15, /= 0; 2-day postoperative:
P=0.006; MD=0.41, Cl: 0.12 to 0.70, />=0), but at other times, there was no
significant difference between the two groups in Scr levels. The incidence of
delayed graft function (DGF) decreased, but there was no significant difference
(P=0.60; 95% ClI: 0.67 to 1.26). There was no significant difference between the
two groups in terms of cross-clamp time, cold ischemia time, warm ischemic
time, acute rejection (AR), graft loss or length of hospital stay.
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Conclusion: Our meta-analysis showed that the effect of remote ischemia conditioning on
reducing serum creatinine (Scr) and improving estimate glomerular filtration rate (eGFR)
seemed to be very weak, and we did not observe a significant protective effect of RIC on
renal ischemic-reperfusion. Due to small sample sizes, more studies using stricter inclusion
criteria are needed to elucidate the nephroprotective effect of RIC in renal surgery in the future.
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Introduction

When ischemia occurs in an organ, cell death and tissue
damage are inevitable. Although restoring blood flow to ischemic
organs can prevent irreversible tissue damage to a certain extent,
during reperfusion, reperfusion in turn induces inflammatory
responses and tissue damage, leading to organ dysfunction. The
cell damage caused by the reperfusion of surviving ischemic
tissue is called ischemia-reperfusion (I/R) injury (1). I/R injury
can occur spontaneously, as in ischemic stroke, myocardial
infarction, transplantation and other types of surgery (2-4). In
the kidney, due to factors such as high metabolism and vascular
anatomy, the kidney is particularly sensitive to I/R injury. It has
been shown that the kidney will cause irreversible damage after
of minutes of Therefore, in renal

tens ischemia (5).

transplantation or partial nephrectomy, I/R injury is an
unavoidable event due to occlusion of renal blood vessels, which
may lead to delayed graft function (DGF), acute rejection (AR),
increased risk of graft loss, etc. (6, 7). To date, various
interventions have been evaluated for their effectiveness in
reducing the physiological stress of surgery or improving the
patient’s tolerance to stressors, such as drug intervention, fluid
resuscitation, glycaemic control, and maintenance of electrolyte
balance, and these have been shown to potentially improve
patient outcomes (8). However, due to patient factors, lack of
appropriate facilities, and time constraints, these conditions
cannot be applied well. Therefore, there is a particular need for a
more substantial, low-cost and easy-to-implement intervention to
reduce I/R injury in kidney transplantation or partial nephrectomy.

Remote ischemic conditioning (RIC) is a simple and safe
noninvasive intervention that applies brief (a few minutes)
reversible ischemia and reperfusion to tissues remote from the
target organ, which may make target organs more resistant to
subsequent ischemia and reperfusion injury (9). At present, the
exact mechanism of RIC is not clearly understood. It may
involve the modulation of neural, humoral and systemic
responses (10). In animal models, RIC has been found to be an
effective tool to protect certain organs (11). In most clinical
trials, the extremity has many advantages as a distal tissue;
ischemic stimulation can be implemented by placing a specially
designed blood pressure cuff on the upper or lower extremity.
Skeletal muscle is less susceptible to I/R injury than visceral
organs (12). Second, the inexpensive economic cost, practical
feasibility, and noninvasiveness of RIC make it an emerging and
promising method (13). According to different application time
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points, RIC can be divided into three categories (14): remote
ischemic preconditioning (RIPC, induced before target organ
ischemia), remote ischemic perconditioning (RIPerC, induced
during target organ ischemia but before reperfusion), and remote
ischemic postconditioning (RIPostC, induction at the beginning
of reperfusion). Currently, many researchers have focused on the
role of RIC in the protection of the heart, brain, and liver and
have found that RIC seems to be an effective method to reduce
I/R injury (15-17). For example, it may decrease long-term
clinical events in patients undergoing cardiac surgery or
percutaneous coronary intervention (PCI) (18) and reduce
hepatic I/R injury after liver resection (19). The nephroprotective
effect of RIC has been confirmed in animal experiments, and
some studies have demonstrated that RIPC decreases renal I/R
injury (20-22). However, in clinical trials, whether RIC alleviates
renal I/R injury remains inconclusive. Given the inconsistency
and limited sample size of the existing RIC literature, we
performed a systematic review and meta-analysis of randomized
controlled trials (RCTs) in patients with kidney transplantation
or partial nephrectomy to assess the therapeutic effect and safety
of RIC in kidney transplantation or partial nephrectomy.

Methods
Identification of eligible studies

This meta-analysis was conducted and reported according to
the Preferred Reporting Item for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (23). The study was registered
with Prospero (registration number: CRD42021291324).

A comprehensive electronic search of PubMed, Embase, Web
of Science and the Cochrane library was conducted to identify all
eligible studies, last updated 2021.11.03. The search keywords
were as follows: remote ischemic preconditioning, remote
ischemic perconditioning, remote ischemic postconditioning,
RIC, limb RIC or IPC; and kidney transplantation, renal
transplantation, renal graft, kidney graft, renal transplant, partial
nephrectomy or LPN. Relevant articles and bibliographies were
manually searched to avoid omissions. After title screening, we
assessed abstracts for relevance and determined whether they
were included, excluded, or warranted further evaluation. No
restrictions were imposed on publication terms or languages. The
search strategies applied in the database were as follows: (1)
remote  ischemic ischemic

preconditioning; (2) remote
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perconditioning; (3) remote ischemic postconditioning; (4) RIC;
(5) limb RIC; (6) IPC; (7): (1) or (2) or (3) or (4) or (5) or (6);
(8) kidney transplantation; (9) renal transplantation; (10) renal
graft; (11) kidney graft; (12) renal transplant; (13) partial
nephrectomy; (14) LPN; (15): (8) or (9) or (10) or (11) or (12)
or (13) or (14); (16): (7) and (15).

Selection criteria

The studies identified in the above databases (PubMed,
Embase, Web of Science and Cochrane Library) were screened,
and after removal of duplicates, all references were further
screened according to the title and abstract of the reference. The
screening criteria were as follows: (1) design for clinical RCTs;
(2) patients undergoing renal transplantation or partial
nephrectomy who received noninvasive RIC (RIPC, RIPerC or
RIPostC), regardless of time, pressure or number of cycles. (3)
Provide relevant data, such as the estimated glomerular filtration
rate (eGFR), serum creatinine (Scr), DGF, AR, graft loss and
length of hospital stay. Subsequently, full text manuscripts of
eligible studies were reviewed for inclusion. Studies involving
combination drugs other than narcotics or pain relievers or other
modalities of combination intervention were excluded. For
studies with identical or overlapping data from the same author,
the most appropriate study with the largest number of cases or
the latest publication date was selected. In addition, we excluded
retrospective analyses, case reports, conference abstracts, etc. At
the above stage, articles were independently evaluated for

inclusion by two authors (Wenfu Zhang and Yingting Wu).

Quality assessment

Reviewers used the Cochrane Collaboration tool for risk of bias
assessment (24). For each included study, a judgement of “high”,
“unclear” or “low” risk of bias was provided for each of the
following areas: adequate random sequence generation; allocation
sequence concealment; blinding of results; incomplete outcome
data; no selective outcome reporting; and no other bias. Studies
with a high risk of bias in any one or more key areas were
considered to be at high risk of bias. Studies with a low risk of
bias in all key areas were considered to have a low risk of bias.
Otherwise, they were considered to have an unclear risk of bias.

Data extraction

Two researchers (Wenfu Zhang

extracted data

and Yingting Wu)

independently from eligible studies using
predesigned data collection forms. The primary measures were
changes in eGFR (1, 3, and 12 months postoperatively) and Scr,
and the secondary measures were DGF, AR, graft loss, length of
hospital stay and other periods (warm ischemic time, cold
ischemic time and blocking time). In addition, the following

information was extracted: first author’s last name, year, country,
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donor type, patient demographics, hypertension, diabetes status,
RIC type, RIC protocol, etc. Multiple forms of continuous data
were converted to the mean and standard deviation. If the data
were represented by medians and quartiles, we assumed a value
of 1.35 standard deviations. If the data were reported as the
median and range, we converted these values to estimate the
mean and standard deviation. The mean standard deviation of
the values at the same time point in other RCTs using the same
intervention was used as the missing standard deviation. By
discussing and resolving differences with a third researcher
(Weidong Liang), a full consensus was finally reached across all
projects. All raw data are listed in the attached table.

Statistical analysis

Data were normalized to equivalent units prior to analysis. The
results were evaluated as risk ratios (RRs) and mean differences
(MDs) and their corresponding 95% confidence intervals (CIs)
for dichotomous and continuous variables, respectively.
Heterogeneity between eligible studies was assessed with the Q
test and I” test to assess the degree of between-study variability.
We assessed the source of heterogeneity when I*>50% or P<
0.05. If studies showed high heterogeneity, subgroup analyses or
sensitivity analyses were performed on the results, excluding each
trial involved in the pooled meta-analysis, one at a time, to see if
the corresponding RR or MD changed significantly. Data
synthesis was performed using a random-effects model or a
fixed-effects model. A P value of <0.05 for the overall effect was
considered statistically significant in all analyses. All statistical
analyses were performed using Review Manager (version 5.3,

Cochrane Collaboration, Oxford, UK).

Results
Search results and study characteristics

The study selection process is shown in Figure 1. A literature
search yielded 466 potentially relevant records. By filtering titles,
we removed 174 duplicate studies. After evaluating the abstract
of each study, 270 studies were excluded because they did not
meet the inclusion criteria. Subsequently, we carefully read the
full text of the remaining 22 studies and excluded 11 studies:
conference abstracts (n=4), presentations (n=1), overlapping
data (n=3) and protocols (n=3). Finally, eleven RCTs were
included in this systematic review and meta-analysis (6, 25-27,
29-32).

Eleven studies included a total of 1,145 patients with kidney
transplantation or partial nephrectomy, of which 576 were
randomly assigned to the RIC group and the remaining 569 to
the control group. Of these studies, seven RCTs applied RIPC (6,
7, 25, 27, 29, 30, 33), three applied RIPeC (26, 28, 31), and the
remaining one applied RIPoC (28). Eight studies were conducted
on kidney transplantation (6, 26-29, 31-33), five of which
involved living donors (6, 29, 31-33) and three of which
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466 Potentially relevant studies identified through
Pubmed,Web of Science,Embase and Cochrane Library

174 excluded (Duplicate studies)

\ 2

292 Potentially relevant articles screened based on abstracts
270 records excluded (reviews,
animal studies, not RCT,
irrelevant studies)
\ 2
22 Full-test articles selected for full review
11 excluded

4 Conference abstracts
3 Protocols
3 Overlapping data
1 Case report

\ ]

11 RCTs included in the systematic review and meta-analysis
FIGURE 1
Flow chart of study selection. RCT, randomized controlled trial.

involved deceased donors (26-28), and this meta-analysis focused
The three
concerned partial nephrectomy (25, 30, 33). Two studies

on kidney transplantation. remaining studies
investigated early and late ischemic preconditioning (7, 30), and
in the current study, RIPC had two time windows, early RIPC
and late RIPrC (34). In this meta-analysis, only early ischemic
preconditioning was targeted.

In the included studies, the most common approach to
inducing ischemia in RIC was by inflating a blood pressure cuff
to a pressure of 200-250 mmHg for three or four cycles of 5 min
with intervals of 5 min off, and only one study did not show the
number of cycles. In terms of pressure, most studies set the
blood-pressure cuff pressure at 200-250 mmHg, with two studies
of blood-pressure cuff pressure reaching 300 mmHg, which may
be associated with hypertension in patients involved. We think
that because some of the patients included had hypertensive
disease, the best method is to used ultrasound of a peripheral
arterial pulse to confirm the absence of perfusion to a limb. This
may be considered a “gold standard” for the presence of
ischemia. In addition, In four studies, blood-pressure cuff were
placed on the upper extremities and the rest on the upper thighs.
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Assessment of methodological quality

Details of the risk of bias are summarized in Figure 2. Eight
studies were judged to be at low risk of bias (6, 7, 26-29, 32, 33),
two were judged to be at high risk of bias due to small sample
sizes (25, 31), and the remaining one was judged to have an
unclear risk of bias (30). Ten reported appropriate allocation
concealment and blinding (6, 7, 25-32). In the included studies,
selective reporting was not found. Detailed quality assessments
are summarized in Supplementary Table S1.

Study outcomes

eGFR at 1 month, 3 months and 12 months
Kidney transplantation

Six studies reported eGFR, of which two studies reported the 1-
month eGFR (27, 31), four studies reported the 3-month eGFR
(6, 27, 30, 31), and four studies reported the 12-month eGFR (6,
26, 29, 30). No significant difference was observed between the
two groups at 1- and 12 months (1-month RIC vs. control: P =
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FIGURE 2
Summary of risk of bias: green: low risk of bias, yellow: unclear risk of
bias, red: high risk of bias.

0.30; MD = 3.37, CL: —3.06 to 9.80, I>=27% and 12 months RIC vs.
control: P=0.09; MD = 1.31, CI: —0.20 to 2.82, ’= 0, Figures 3A,
C). There was a significant difference between the two groups at 3
months (RIC vs. control: P<0.001; MD =2.74, CI: 141 to 4.06;
I? = 14%, Figure 3B).

Partial nephrectomy

Two studies reported eGFR on partial nephrectomy. Huang et al.
(7) reported the first-month eGFR and sixth-month eGFR, but
there was no significant difference in the values between the
groups at the various time points. In addition, Hou et al. (28)
reported the third-month eGFR, and there was a significant
difference in the values between the groups (40.9 £ 6.6 ml/min
with control vs. 45.7 +7.9 ml/min with RIC, P=0.019, 95% CI
for median difference 0.8-8.7).
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Serum creatinine levels at different times

Kidney transplantation

We reported serum creatinine levels at 1 day postoperatively, 2 days
postoperatively, 3 days postoperatively, 7 days postoperatively, 1
month postoperatively, 3 months postoperatively and 12 months
postoperatively. At 1 day postoperatively, the meta-analysis found
high heterogeneity between the two groups. A subsequent
sensitivity analysis was performed, and we found that after
excluding one study (26), the heterogeneity was at the critical
value, and there was a significant difference between the two
groups (P <0.001; MD =0.10, CI: 0.05 to 0.15, ’=0, Figure 4A).
At 2 days postoperatively, we also found high heterogeneity
between the two groups. After sensitivity analysis, it was found
that the heterogeneity changed significantly, and there was a
significant difference between the two groups (P =0.006; MD =
0.41, CL: 0.12 to 0.70, I’=0, Figure 4B). No heterogeneity or
significant difference was found between the two groups at 3
days postoperatively (P =0.61; MD =0.09, CI: —0.25 to 0.42, I*=
35%, Figure 4C). At 7 days postoperatively, the meta-analysis
found high heterogeneity between the two groups. A subsequent
sensitivity analysis was performed, and we found that after
excluding one study (31), the heterogeneity was at the critical
value, but there was no significant difference between the two
(P=031; MD=0.12, CL —0.11 to 034, I*=0,
Figure 4D). In addition, no heterogeneity or significant

groups

difference was found between the two groups at 1 month
postoperatively, 3 months postoperatively and 12 months
postoperatively (Figure 5).

Partial nephrectomy

Levels of serum creatinine have been reported in two studies.
Chung et al. (33) showed that there was no significant difference
in the serum creatinine level between the two groups on the first
postoperative day (median (interquartile range) 0.87 mg/dl (0.72-
1.03) in the RIC group vs. 0.92 mg/dl (0.71-1.12) in the control
group, P=0.728). In addition, at 2 weeks after surgery, there was
no significant difference in time-dependent changes in serum
creatinine between the two groups. Huang et al. (7) showed that
there was no significant difference in the serum creatinine level
between the two groups at 1 month postoperatively (mean (SD)
0.81 mg/ml (0,28) in the RIC group vs. 0.81 mg/ml (0,19) in the
control group, P =0.933).

Incidence of DGF, AR and graft loss on kidney
transplantation

The incidence of DGF was reported in six studies, and a meta-
analysis of data from six trials was combined (6, 25-27, 29, 30). No
heterogeneity was found between the two groups (P =0.60; RR =
0.92, CI: 0.67 to 1.26, I*’=0, Figure 6A). Under the fixed effect
model, the incidence of DGF in the RIC group showed a
decreasing trend compared with that in the control group, but
the decrease in the incidence of DGF was not statistically
significant. Six studies reported the incidence of AR (6, 26, 27,
29-31), and meta-analysis found no significant difference
between the RIC and control groups (P=0.85; RR=1.03, CI:
0.73 to 146, I’=0, Figure 6B). Four studies reported the
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FIGURE 3
Forest plot with 95% confidence intervals for continuous primary end points. The eGFR at 1 month postoperation (A); eGFR at 3 months postoperation (B);
eGFR at 12 months postoperation (C). RIC, remote ischemic conditioning; eGFR, estimated glomerular filtration rate.

incidence of graft loss (6, 27, 30, 32), and the results showed no
significant difference between the two (P=1.00; RR=1.00, CI:
0.42 to 2.36, I = 12%, Figure 6C).

Length of hospital stay and other periods

Kidney transplantation

A total of five studies reported the length of hospital stay (6, 25-27,
30). There was no significant difference in the length of hospital
stay between the two groups (P =0.10; MD = —0.70, CI: —1.53 to
0.14, I’=0, Figure 7A). In addition, we also extracted cold
ischemic time and warm ischemic time for merging, except that
warm ischemic time showed significant heterogeneity (P =0.43;
MD=162, CL -237 to 561, I’=96). The heterogeneity
remained significant after sensitivity and subgroup analyses,
suggesting that the results were unstable. None of the above
results showed a significant difference between the two groups
(Figure 7B, C).

Partial nephrectomy

A total of two studies reported the length of hospital stay (28, 33).
There was no significant difference in the length of hospital stay
between the two groups (P =0.68; MD =0.17, CI: —0.62 to 0.95,
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I?=0, Figure 8A). In terms of cross-clamp time, meta-analysis
revealed that there was no significant difference between the two
groups (P=0.73; MD =0.23, CI: —1.08 to 1.54, ’=0, Figure 8B).

Discussion

Our systematic review and meta-analysis included 11 RCTs.
From the results, we found the following: (1) At the 3-month
eGFR, patients receiving RIC intervention had significantly better
outcomes than the control group; at the 1-month and the 12-
month eGFR, although the two groups of patients’ eGFR did not
show a significant difference, RIC slightly improved the patients’
eGFR. (2) RIC significantly reduced the serum creatinine level at
1 and 2 days postoperatively, but at other times, there was no
significant difference between the two groups in Scr levels, and
no nephroprotective effect of RIC was found. (3) In terms of
DGF, AR, graft loss and length of hospital stay, there was no
significant difference between the two groups. Although RIPC is
easy to manipulate, the protective effect of RIPC in kidney
transplantation surgery is controversial because it has only been
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FIGURE 4
Forest plot with 95% confidence interval in serum creatinine (Scr), Scr levels at 1 day postoperatively (A), Scr levels at 2 days postoperatively (B), Scr levels at
3 days postoperatively (C), Scr levels at 7 days postoperatively (D). RIC, remote ischemic conditioning.

RIC
intervention seems to have no obvious effect on renal I/R injury.

shown to be based on rather short-term observations.

RIC is a simple, inexpensive and noninvasive intervention to
alleviate I/R injury (35), and RIPC has been rapidly applied since
Murry et al. first proposed RIPC in canine cardiomyocytes in
1986 (36). In various clinical fields, this intervention has been
applied in a variety of organs, has played a protective role and
has been gradually employed from RIPC to RIPerC and RIPostC,
all of which have achieved remarkable effects (17, 19, 32).
However, the mechanism of RIC is still being explored and
seems to be multimodal, possibly participating in protection
through neural, humoral and systemic responses (10, 37). For
example, RIC may promote the production of some active
substances (opioids, adenosine, bradykinin and stromal cell-
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derived factor-1, etc.) and accelerate their entry into the blood,
thus activating neural networks and acting on the target organs
of the human body (38, 39). In addition, RIC may also activate
antiapoptotic (40), antioedema (41), and anti-inflammatory
signalling pathways (42), improve microvascular endothelial
function (43), and affect the transcription of related genes and
mitochondrial respiratory function (44, 45), thereby reducing the
impact of I/R injury. Clinical trials on RIC renal protection have
been conducted in a variety of surgical types, including cardiac
surgery, macrovascular surgery, and percutaneous coronary
and this
promising renal protection strategy and has been demonstrated

intervention, approach has gradually become a

in experimental and clinical studies (46-48). At present, a large
number of meta-analyses have shown the protective effect of RIC
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FIGURE 5
Forest plot with 95% confidence interval in serum creatinine (Scr), Scr levels at 1 month postoperatively (A), Scr levels at 3 months postoperatively (B), Scr
levels at 12 months postoperatively (C). RIC, remote ischemic conditioning.

on the kidney, such as renal protection after coronary angiography
or interventional patients with contrast agents (46). Meta-analyses
conducted by Zhou et al. (49) show that the protective effect of RIC
on kidney transplant patients needs more research to be elucidated.
Systematic reviews performed by Farooqui et al. (50) show that
RIPC can alleviate the ischemic-reperfusion injury of grafts in
graft recipients.

During partial nephrectomy, the vessels in the renal pedicle
must be temporarily clamped, resulting in I/R injury (51). The
longer the time of heat ischemia, the greater the damage to renal
function (52). Furthermore, during kidney transplantation, both
the donor and the recipient experience renal I/R, which can
result in acute or chronic renal failure due to I/R injury (27).
Animal studies have shown (53) that RIPC has a protective effect
against renal I/R injury and that this protective effect can reduce
renal injury in both delayed and early RIPC regimens. However,
Samadi et al. showed (20) that RIPC had little to no protection
against renal I/R injury. Similarly, clinical studies have yielded
disparate results. RIPC has been shown in some studies to
protect renal I/R injury and improve renal function following
living donor kidney transplantation (6, 29). However, Nicholson
et al. (27) showed that RIC had no effect on renal function after
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living donor kidney transplantation. As a result, the protective
effect of RIC on renal I/R injury has yet to be established. To
investigate the protective effect of RIC on renal I/R injury, we
conducted a systematic review and meta-analysis.

Our systematic review and meta-analysis included 11 studies
involving 1,145 patients: 119 with partial nephrectomy and 1,026
with kidney transplantation. The results of this meta-analysis
showed that RIC only decreased Scr at the first day and second
days postoperatively, and RIC had no obvious effect on
improving the eGFR and alleviating renal I/R injury. In this
meta-analysis, the reasons why the RIC test results did not
obtain a strong positive result may be as follows.

First, different RIC methods may have a certain impact on the
results. In this experiment, seven studies involved RIPC, three
studies involved RIPerC, and one study involved RIPostC. We
tried to perform a subgroup analysis of RIC in different ways,
but unfortunately, due to the limited studies included, we failed
to obtain satisfactory results. It is known that RIC has three
different application time points, RIPC, RIPerC and RIPostC,
according to the different ischemic times of target organs (14).
The most popular research is RIPC. RIPC is an intrinsic
protective phenomenon in which 3-4 cycles of nonfatal regional
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FIGURE 6
Forest plot with 95% confidence intervals for the rates of DGF (A), AR (B) and graft loss (C). RIC, remote ischemic conditioning; DGF, delayed graft
function; AR, acute rejection.

ischemia followed by reperfusion to remote tissues protect vital
organs including the brain, heart and kidney against sustained 1/
R-induced injury (17). Studies have shown that RIPC reduces
the incidence of an early increase in Scr in patients with stable
angina following elective percutaneous coronary intervention
and may decrease the occurrence of acute kidney injury (AKI)
in cardiovascular surgery patients (54, 55). RIPostC is a
protective approach after I/R of target organs. RIPostC mainly
focuses on brain protection, and most stroke patients cannot be
predicted before stroke (56). Therefore, RIPostC is more
injury.
experiments, RIPoC also has a certain renoprotective effect (57).

effective  after ischemia reperfusion In animal

However, it is rarely used in clinical practice. At present, there is

no conclusion on the comparison of the three RIC modes, and
it is not clear which RIC has a more obvious effect on renal
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protection. Therefore, more RCTs need to be conducted in
future studies.

Second, different timings of RIC may have different effects on
the results. One study compared early RIC (24 h before surgery)
and late RIC (before surgery) and found that late RIC was more
protective than early RIC (30). In addition, since the optimal
number of cycles, pressure, duration, and cuff inflation site for
RIC have not yet been determined, this is an important factor
that cannot be ignored in the clinical application of RIC. Studies
have shown that the most common site of RIC is the upper or
lower extremities and that 3-4 cycles of I/R every 5 min will
bring about beneficial effects (58). Studies have shown that the
number of cycles and duration are not proportional to organ
protection, and more cycles and longer duration do not provide
better protection (9, 59). In terms of setting RIC pressure, studies
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FIGURE 7
Forest plot with 95% confidence interval for length of hospital stay on kidney transplantation (A); meta-analysis of cold ischemic time (B) and warm
ischemic time (C). RIC, remote ischemic conditioning.

have shown that most RIC pressures are approximately 200 mmHg
or higher than 30-40 mmHg of systolic blood pressure due to
differences in different populations and underlying diseases of
patients (60). Due to the limited sample size of the included
studies, it was not possible to analyse the current studies with
different timings; consequently, it is crucial to increase the
sample size in future studies.

Third, different patient populations, comorbidities, anaesthesia
regimens, and surgical approaches can also affect outcomes. The
donors for three kidney transplants in this study were deceased
patients, which may have affected the stability of the results because
deceased donors may have had a stronger inflammatory response
(61). In addition, some studies have shown that PN can be divided
into on-clamp PN and off-clamp PN. Off-clamp PN had negligible
effects on renal function. Therefore, off-clamp PN is a safe surgical
method with adequate tumor prognosis (52, 62, 63). However, in
the articles we included, we failed to extract relevant data. Finally,
patients had diabetes and hypertension among their comorbidities.
Animal experiments have shown that diabetes can damage the
PI3K-Akt signal transduction pathway, which plays a central role in
intracellular pathways, in diabetic rat models (64). Therefore,
diabetes may attenuate the myocardial protective effect of RIC.
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Finally, our meta-analysis mainly analysed the outcomes of
patients with kidney transplantation. In the included studies,
most patients with kidney transplantation required hemodialysis
before surgery, which led to repeated renal ischemia and
reperfusion and may interfere with the effect of RIC. In addition,
different from standardized animal experiments, clinical trials
involve a variety of factors such as human leukocyte antigen
mismatch and administration of immunosuppressive drugs,
which may also interfere with the severity of I/R injury and hide
the effects of RIC. In addition, in this meta-analysis, there may
be systematic differences in the management of kidney transplant
recipients with varying DGF durations between transplanting
centres. It is known that the causative pathway resulting in DGF
multifactorial,  including and
that
procurement and immediately posttransplantation.

is  often immunological

nonimmunological factors are present during organ

Limitations

The above reasons may lead to the failure of our meta-analysis
to obtain obvious positive results, but this study also has certain
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First,  unlike meta-analyses

nephroprotective effects, our meta-analyses focused only on

limitations. previous on
patients with kidney transplantation. Due to the small number of
studies, we did not perform subgroup analyses for the primary
outcome. Second, the included studies also had different ischemic
manipulation methods (ischemia time and reperfusion time) and
different interventions (RIC approach). It is not clear whether
the differences between RIC methods affect the effectiveness of
renal I/R injury, which should be verified by more RCTs. In
addition, some of the included studies did not provide the
primary outcome we needed and required small sample sizes,
which led to a certain risk of bias. In a recent meta-analysis, RIC
was found to reduce the risk of AKI in organs such as the heart
(65). Of the included studies, only one reported the incidence of
AKI (25). In addition, serum biomarkers such as cystatin C and
neutrophil gelatinase-associated lipoprotein can reflect renal
function to a certain extent (30). Therefore, follow-up studies can
further focus on the incidence of AKI and certain biomarkers to
better evaluate the superiority of RIC in renal surgery.

Conclusion

Remote ischemia conditioning on reducing Scr and improving
eGFR seemed to be very weak, and we did not observe a significant
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protective effect of RIC on renal I/R injury. Due to small sample
sizes, more studies and meta-analyses using stricter inclusion
criteria are needed to elucidate the nephroprotective effect of RIC
in renal surgery in the future.
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